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Embarras River Watershed Digital Floodplain Mapping, 
Champaign County, Illinois 
 
by 
Sally A. McConkey and Mark D. Johanson 
 
 
Abstract 
 
The project objective was to assimilate the best available data to prepare digital maps of 
critical riparian corridors and areas at risk of flooding for the upper Embarras River, East Branch 
Embarras River, and Black Slough in Champaign County.  Hydrologic, hydraulic, and digital 
data defining streams and floodplains were reconciled with digital orthophotos of the Embarras 
watershed. Using orthophotos as base maps, digital data sets were prepared of streams and rivers 
and floodplain boundaries expected for a flood having a one percent chance of occurrence in any 
given year.  These maps were developed to provide easy-to-interpret information that identifies 
areas at risk during flood events. The maps were developed using ESRI ArcGIS 8.1 software and 
are on the attached CD-ROM in ready-to-print PDF format.  The CD-ROM format is compatible 
with Microsoft Windows Operating System Version 95 or later.  The CD-ROM contains the 
HEC-RAS hydraulic model used to simulate flood elevations, digital coverages used to compose 
the maps, digital photos of bridge crossings and landscapes of the watershed, and this report.  
Graphs of channel thalweg and water surface profiles showing the depth of flooding for the 
biennial flood event (2-year flood) and the one-percent annual chance of occurrence flood (100-
year flood) provide additional information. 
 
 
Scope of Work 
 
The project objective was to assimilate the best available data to prepare digital maps 
showing the area expected to be inundated during a flood that has a one percent annual chance of 
being equaled or exceeded, and flood profiles of selected frequency of occurrence floods for the 
upper Embarras River, East Branch Embarras River, and the Black Slough in Champaign 
County.  Maps and graphs illustrating flooding potential provide a mechanism for 
communicating this information to the general public and serve as a tool for planners and local 
officials.  Data sources include preliminary hydrologic and hydraulic models of the rivers 
developed by the Natural Resources Conservation Service (NRCS), original field survey notes 
used in model development, digital orthophotos of Champaign County, a Geographic 
Information System (GIS) digital coverage of the rivers, and other GIS data sets such as the 
public land survey system, and U.S. Geological Survey (USGS) 1:24,000 scale quadrangles.  
These data were compiled and reconciled to prepare the maps and profiles. Project tasks included 
reviewing and updating the hydrologic and hydraulic models.  Limited site measurements were 
made of bridge dimensions, and a photographic log was prepared for the bridges in Champaign 
County that are represented in the hydraulic model.  This final report includes information about 
the Embarras watershed in Champaign County suitable for documentation of a flood study, plots 
of flood profiles, digital maps showing the floodplain boundary of the one percent annual chance 
of occurrence flood derived from the available sources, hydraulic model input data, and digital 
data used to compose the maps. All digital data, digital maps, and an electronic version of the 
report are included on the attached CD-ROM.  
 
Study Limits 
 
The present study includes the upper Embarras River from the southern boundary of 
Champaign County (County Line Road) upstream to County Road 1300 North (CR1300N), the 
East Branch Embarras River from its confluence with the Embarras River to the east line of 
Champaign County, and the Black Slough, which lies entirely within Champaign County.  These 
study limits were selected because they represent that part of the upper Embarras for which flood 
study data have not been published.  The analysis presented includes more than 44 miles of river 
in Champaign County: approximately 19.2 miles along the main Embarras River, 18.8 miles 
along the East Branch Embarras, and 6.7 miles along the Black Slough.  River lengths were 
computed from digital river data.  
 
 
Project Background 
 
This project was funded through the Illinois Department of Natural Resources (IDNR), 
Conservation 2000 Program.  The Headwaters Ecosystem Partnership originally submitted the 
proposal to the Conservation 2000 Program.  The Illinois State Water Survey (ISWS) was 
contracted to perform the engineering review and GIS mapping aspects of the project.  The goal 
was to prepare maps and graphs communicating the best available information about the stream 
network and floodplains of the Embarras watershed in Champaign County.  Existing models and 
electronic data served as the basis for developing informative maps showing sensitive riparian 
corridors and areas at risk of inundation during floods.  Presentation of the model data on maps 
provides a means of communicating the information in a way that many people can easily 
interpret.  Digital map data can be readily transferred and used in future planning exercises.  
 
Preliminary hydrologic (TR-20) and hydraulic (WSP-2) computer models were 
developed for the upper Embarras River, the East Branch Embarras River, and Black Slough in 
1992 by the Natural Resources Conservation Service (NRCS) for the Upper Embarras River 
Basin Planning Committee. Karl Visser of the NRCS converted the WSP-2 hydraulic model data 
set to the HEC-RAS format in 1999.  Digital orthophotos for Champaign County from 1998 
photography and an updated digital coverage of these rivers in Champaign County prepared by 
the Champaign County Soil and Water Conservation District were made available through the 
local office of the Champaign County District Conservationist.   
 
Acknowledgments 
 
This study was principally funded by a research contract from the Illinois Department of 
Natural Resources (IDNR).  The views expressed in this report are those of the authors and do 
not necessarily reflect the views of the sponsor or of the Illinois State Water Survey.  Patti Hill 
typed the camera-ready version of the report.  Eva Kingston edited the report, and Linda Hascall 
provided graphic support.  
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Basin Description 
 
The Embarras River basin is located in east-central Illinois.  The main stem of the 
Embarras River flows through Illinois in a generally southerly direction from Champaign County 
to Jasper County where it turns southeast and ultimately joins the Wabash River at the eastern 
border of the state.  The Embarras River drains 2440 square miles (sq. mi.) at its mouth, where it 
joins the Wabash River at River Mile 122 at the Lawrence County boundary. The Embarras 
River headwaters are in Champaign County.  Downstream of the confluence with the East 
Branch Embarras River, the drainage area of the Embarras River at the south line of Champaign 
County is 121.5 sq. mi.  The drainage area of the East Branch Embarras at the confluence with 
the Embarras is 55.2 sq. mi., of which 11.5 sq. mi. drains to the Black Slough.  Figure 1 is a map 
of the Embarras River watershed in Champaign County. 
 
Champaign County communities that lie all or in part within the study watershed are the 
City of Champaign, City of Urbana, Village of Broadlands, Village of Pesotum, Village of Philo, 
Village of Savoy, and Village of Tolono.  The Village of Longview and the Village of Allerton 
are within the watershed of Long Point Slough in Champaign County; however, Long Point 
Slough joins the Embarras River in Douglas County and was not included in this study.  The City 
of Villa Grove in Douglas County is just downstream of the study limits.  McCullough Creek 
flows through southern Urbana and joins the Embarras north of CR1300N, but the hydraulic 
model used in this study does not include McCullough Creek.  The one percent annual chance of 
occurrence floodplain for McCullough Creek was delineated for a reach of McCullough Creek 
on the Federal Emergency Management Agency (FEMA), Flood Insurance Rate Map (FIRM) for 
the City of Urbana from Race Street upstream to Windsor Road.  
 
The Embarras watershed is primarily in agricultural use.  River reaches studied are within 
agricultural settings with the exception of the reach of the East Branch Embarras that flows 
through the Village of Broadlands. 
 
Climate 
 
Cold winters and hot summers characterize the climate in east-central Illinois.  On the 
basis of 1971-2000 data for Champaign-Urbana, Champaign County (Angel, 2000), the annual 
average high temperature is 61.3 °F, and the average annual low temperature is 42.0 °F.  During 
January, the coldest month, the average daily minimum temperature is 16.7 °F. Precipitation is 
moderate, with an annual average total of 41.0 inches.  The months May-August have the highest 
average rainfall: 4.80, 4.21, 4.67, and 4.37 inches, respectively.  The average seasonal snowfall 
is 26.2 inches.  Table 1 summarizes this information.  
 
Physiography 
 
All of Champaign County was covered by the Kansan, Illinoian, and Wisconsin glaciers 
during the Pleistocene glacial epoch.  The Wisconsin, the most recent stage of glaciation,
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Figure 1.  Embarras Watershed in Champaign County 
 
 
    Table 1. Averages (1971-2000) for Champaign-Urbana (Angel, 2000) 
 
 Average high 
temperature  
Average low 
temperature 
Average 
precipitation  
 
Average snowfall
Month (degrees °F) (degrees °F) (inches) (inches) 
     
January 32.0 16.7 1.89 8.60 
February 37.6 21.7 2.01 5.50 
March 49.6 31.2 3.21 3.30 
April 62.2 40.8 3.65 0.50 
May  73.6 51.8 4.80 0.00 
June 82.6 60.9 4.21 0.00 
July 85.2 64.8 4.67 0.00 
August 83.2 62.7 4.37 0.00 
September 77.6 54.6 3.22 0.00 
October 65.2 43.3 2.81 0.10 
November 49.6 33.0 3.40 2.10 
December 36.8 22.2 2.76 6.10 
     
Annual 61.3 42.0 41.00 26.20 
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deposited an average of more than 200 feet of glacial drift, forming the present topography.  In 
most areas, this glacial drift was covered by as much as 5 feet of windblown silt loess (Mount, 
1982).   
 
Soils 
 
A soil survey of Champaign County was published by the U.S. Department of 
Agriculture, Soil Conservation Service in 1982 (Mount, 1982).  In the Upper Embarras Planning 
Committee report (1996), the soils in the upper Embarras basin are described as primarily dark 
colored, deep, and nearly level to gently sloping with some light-colored soils near the streams, 
in wooded areas, and on steeper slopes.  Soils in the watershed range from poorly to moderately 
well drained.  The major soils are Drummer, Flanagan, and Dana.  
 
Land Use 
 
Land use in the study area is primarily agricultural, more than 90 percent cropland.  
Remaining land uses include urban, woodland, and grassland (Upper Embarras Planning 
Committee, 1996).   
 
Rivers and Streams 
 
The upper Embarras River watershed has a well-developed drainage structure.  Much of 
the land is used for crops.  Tile drains have been constructed throughout much of the watershed 
to speed drainage.  In Champaign County, many channels have been dredged, deepened, and 
widened.  There is a dramatic difference in the river corridor vegetation between the first few 
stream miles north of the Champaign/Douglas County line and reaches upstream.  In the first two 
to three miles upstream of the Champaign County line, the Embarras River and the East Branch 
Embarras River are flanked with a heavy growth of trees and underbrush.  Beyond this point, 
there are few trees along the rivers, and vegetation in the floodplain is composed of crops, 
grasses, and shrubs.  Trapezoidal channel geometry, characteristic of channelization, is evident 
along the main stem of the Embarras upstream of CR200N, along the East Branch Embarras 
upstream of CR300N, and along most of the Black Slough.   
  
 
Previous Hydrologic and Hydraulic Studies 
 
Background 
 
The planning committee for the upper Embarras River basin, created in 1988, identified 
issues of concern in the basin.  Drainage and flooding were of great concern to both urban and 
agricultural interests.  In order to evaluate various alternatives to reduce these problems, 
hydrologic and hydraulic models of the upper Embarras river system were developed for 
planning purposes.  The downstream limit of that study area is the Village of Camargo, Douglas 
County, which is also the site of a USGS gaging station.  The study area extends upstream to the 
headwaters of the Embarras River, East Branch Embarras, and the Black Slough. Figure 2 shows 
the portion of the upper Embarras watershed considered by the planning committee.  The 
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Figure 2.  Upper Embarras Watershed, Champaign, Douglas, and Vermilion Counties  
(after Upper Embarras River Basin Planning Committee, 1996) 
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purpose of the model development was to have a tool to assess the impact of various options to 
reduce flooding and drainage problems.   
 
Statistical analysis of hydrologic data is performed to compute flood discharges that 
correspond to a selected return period or chance of occurrence.  For a given discharge, the depth 
of flooding is affected by the physical characteristics of the channel and the land beyond the 
channel banks.  The area inundated when a given discharge occurs is called the floodplain, and 
the risk of the area being inundated is linked to the chance of occurrence of the flood discharge.  
The flood that has a one percent chance of being equaled or exceeded in any given year, the 100-
year flood, inundates an area described as the one percent annual chance floodplain.  A common 
name for this floodplain is the 100-year floodplain.  Similarly, the area inundated by a flood 
discharge that has a 50 percent annual chance of being equaled or exceeded is often called the 2-
year floodplain.   
 
The study conducted for the Upper Embarras River Basin Planning Committee includes 
estimates of the annual flood, 2-, 5-, 10-, 25-, 50, and 100-year return interval floods (floods that 
have a 50, 20, 10, 4, 2 and 1 percent annual chance of being equaled or exceeded in any given 
year, respectively).   
 
The standard for flood hazard mapping set by the National Flood Insurance Program 
(NFIP) is the flood that has one percent chance of being equaled or exceeded in any given year 
(100-year flood) or Base Flood.  Federal Emergency Management Agency (FEMA) Flood 
Insurance Rate Maps (FIRMs) depict the approximate land area that has a one percent annual 
chance of being inundated in any given year, the 100-year floodplain.  More frequent floods 
(those with a smaller return frequency) in agricultural areas can cause crop damage and interrupt 
transportation when roads are overtopped; hence, the interest in more frequent, but smaller flood 
events. 
 
Regulatory floodplain maps published by FEMA for the NFIP show only approximate 
floodplain boundaries for the Embarras River network upstream of the City of Villa Grove, 
Douglas County, with the exception of a reach of McCullough Creek in Urbana.  Flood profiles 
and maps have been published for reaches of the Embarras River, Jordan Slough, and West Ditch 
within Villa Grove in the FEMA Flood Insurance Study (FIS) for the City of Villa Grove 
(FEMA, 1978).  The hydrologic and hydraulic analysis for the Villa Grove FIS was completed in 
1977.  The Douglas County FIS (FEMA, 1984) includes 100- and 10-year flood profiles for the 
Embarras River from U.S. Route 36, which is downstream of the Village of Camargo, to the 
north corporate boundary of the City of Villa Grove.  The Douglas County FIS data for the 
Embarras River is a combination of the flood study performed for the City of Villa Grove and a 
1960 study of the Embarras River (State of Illinois, Department of Public Works and Buildings, 
Division of Waterways, 1960).  Chronic flooding in the City of Villa Grove has provided much 
of the impetus to study the upper Embarras River and form the Upper Embarras River Basin 
Planning Committee. 
 
Modeling 
 
The hydrologic model and hydraulic model developed for the Upper Embarras River 
Basin Planning Committee represent the most current and complete engineering analysis for the 
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Embarras watershed in Champaign County.  Data input and model calibration were performed by 
the staff of the Soil Conservation Service (SCS), Champaign, Illinois (now NRCS).  The 
hydrologic and hydraulic models were constructed using field data collected by the SCS, the 
IDNR Office of Water Resources (formerly IDOT Division of Water Resources) and 
independent surveyors.    
 
Hydrologic Model 
 
The SCS Technical Release-20 hydrologic model (TR-20) was used to simulate runoff 
from the watershed and compute flood peaks for the 1-, 2-, 5-, 10-, 25-, 50-, and 100-year 
(annual, 50, 20, 10, 4, 2, and 1 percent annual chance of occurrence) events.  The ISWS Bulletin 
70 rainfall data and Huff distributions (Huff and Angel, 1989) were used in the model.  These 
precipitation data represent the state regulatory standard for hydrologic analysis.  The model 
extends to the USGS gaging station at Camargo (station number 03343400).  Data from this 
station were statistically analyzed using a simple Log Pearson III distribution and the Water 
Resources Council Bulletin #17B method (U.S. WRC, 1981) using the modified skew 
coefficient.  This discharge information was used to calibrate the model.  Model developers 
prepared a discussion of the hydrologic model calibration in 1991, and the text is reproduced in 
Appendix A.  
 
Hydraulic Model 
 
Originally the SCS WSP-2 was the hydraulic model used to simulate the river mechanics.  
The WSP-2 model was used to generate stage versus discharge information input to the TR-20 
model for channel routing.  The WSP-2 model computes the water surface elevation for the 
given flow (flood) at each measured cross section and bridge or culvert.  These elevations are 
relative to the standard vertical datum used for the cross-section surveys, National Geodetic 
Vertical Datum established in 1929 (NGVD 1929).   
 
As part of the continued watershed management planning and study, the original WSP-2 
model input was converted to the format of the U.S. Army Corps of Engineers (USACOE), 
Hydraulic Engineering Center – River Analysis System (HEC-RAS) model in 1999.  The HEC-
RAS program provides enhanced options for modeling, data presentation, and graphics.  Field 
data input requirements for the HEC-RAS model differ from those of the WSP-2 model.  
Additional cross sections had to be interpolated from measured sections, and additional 
floodplain topography was interpreted from USGS topographic quadrangles to generate the 
necessary input data for the HEC-RAS model.   
 
The original and 1999 versions of the Embarras model extend to Carmargo, Illinois, 
which is well south of the limits of the current study.  The complete model was kept intact, but 
only the reaches within the current study limits were updated and revised.   
 
 
Embarras HEC-RAS Model Update and Revisions 
 
A hydraulic model, such as HEC-RAS, solves sets of equations to balance the energy and 
energy loss in flowing water.  Model input must define the physical nature of the channel and 
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potential impediments to flow such as bridges and culverts.  Channel width and depth are 
specified at locations along the river called cross sections.  The cross-section data input consists 
of ground elevations along a line perpendicular to and across the channel and its floodplain.  
These data define the channel geometry.  The length of the river channel is described in terms of 
the distance between measured cross sections.  Energy losses are a function of channel slope, 
roughness within the channel, and channel length.  The channel slope is interpreted from the 
input stream of channel cross-section elevations; all elevations must be relative to a common 
datum.  A standard vertical datum such as NGVD 1929 is typically used.  Channel roughness 
depends on vegetation and bed materials and is determined from inspection of the channel and 
refined through model calibration.  
 
Input for the original upper Embarras River basin model was derived from typical 
sources: field surveys of bridges and river cross sections, paper USGS topographic quadrangles, 
copies of bridge plans, and some aerial photographs.  Since the model was originally developed, 
considerable advances have been made both in the availability of digital data and the GIS tools to 
manage them.  A major aspect of the current work was the reconciliation of the original field 
input data with electronic data now available.  Digital data, GIS tools, and more advanced 
graphic options available with the HEC-RAS model provided the opportunity to check the input 
data.  Modifications and updates to the Embarras HEC-RAS model follow. 
 
River Reach Lengths 
 
Conversion from a paper format to a digital format for the base map revealed 
inconsistencies between the geographic data and the original model input.  Improvements in 
technology provide more refined tools for geographic data interpretation.  The up-to-date digital 
river coverage developed from the digital orthophotos provides better resolution than the streams 
shown on the USGS quadrangles or aerial photography available in 1990.  Digital data sets were 
used to calculate the distance between road bridges measured along the river.  Cumulative 
distances between bridges provided in the input stream for the HEC-RAS model were computed 
as well.  Distances between bridges determined from these two different sets of information were 
compared to check reach lengths between cross sections, which revealed some data entry errors.  
In nearly all cases, the length measured from the digital data exceeded the length provided in the 
model input data.  Differences were on the order of several hundred feet per mile.  Table 2 
compares river lengths from the original model data, the digital data, and those published by the 
USGS (USGS, 1979).    
 
Cross-Section Data 
 
A comparison of the cross-section elevation data and simulated flood elevations with the 
topography shown on USGS digital topographic quadrangles served as a quality assurance check 
on the basic input data.  When flood elevation data and flow widths were compared to 
topographic data, inconsistencies in data entry could be detected.  In the HEC-RAS model, cross-
section data must be input with station values increasing from left bank to right bank, facing 
downstream.  Along several reaches, the left to right bank orientation of the cross sections was 
reversed.  This was evident when the flow width and flood boundary from the elevation data did 
not reasonably coincide with topographic contours.  It was pronounced when the topography 
showed a more restricted floodplain (steeper slope) on one bank than on the opposite bank.  The  
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Table 2.  Comparison of River Lengths 
GIS river 
coverage 
  
USGS 
  
  
    
Original hydraulic
model 
 Location Length Length Length Length Length Length
(feet)      
    
    
    
         
        
    
    
    
         
        
    
    
(miles) (feet) (miles) (feet) (miles)
Embarras  
Champaign County Line to confluence 
with East Branch 
     Embarras 
 
   4440 
 
0.8    4752 
 
0.9    4237 
 
0.8 
Confluence with the East Branch  
     Embarras to County Road 600N  
 
37388 
 
7.1 35904 
 
6.8 34313 
 
6.5 
County Road 600N to County Road 
     1300N 
 
46543 
 
8.8 43296 
 
8.2 39350 
 
7.5 
East Branch Embarras  
Confluence with the Embarras to the 
     confluence with the Black Slough 
 
27991 
 
5.3 25872 
 
4.9 23060 
 
4.4 
Confluence with the Black Slough to 
     the Missouri Pacific RR  
     (Section 18 T17N R10E)  
 
 
20681 
 
 
3.9 
 
20064 
 
 
3.8 
 
22307 
 
 
4.2 
Missouri Pacific RR to Champaign/  
     Vermilion County Line 
 
50715 
 
9.6 52272 
 
9.9 49790 
 
9.4 
Black Slough 
Confluence with the East Branch to  
     Norfolk and Western RR   
     (Section 22 T18NR09E) 
 
 
23586 
 
 
4.5 
 
23760 
 
 
4.5 
 
22412 
 
 
4.2 
Norfolk and Western RR to  
     County Road 100N 
 
  9148 
 
1.7   8976 
 
1.7   8545 
 
1.6 
 
original field notes were consulted, and data at numerous cross sections had to be reentered with 
the correct left bank to right bank orientation.  Extensive modification of the geometric channel 
data for the HEC-RAS model was not part of the original project.  However, correcting the cross-
section data was necessary to generate a reasonable floodplain boundary for mapping.  
Considerable effort was devoted to verifying cross-section geometry data with field notes and 
topographic data.  Input data were reconciled with the topography shown on the digital USGS 
topographic quadrangles, called Digital Raster Graphics (DRGs).  Current USGS topographic 
quadrangles that cover the study area are Allerton (provisional edition, 1982), Longview 
(provisional edition, 1982), Urbana (photo revised, 1975), and Villa Grove NW (provisional 
edition, 1982).  Modifications to cross-section data also included extending the endpoints of 
cross sections when a flood elevation exceeded the highest elevation of the cross section.  
Contour lines shown on the USGS quadrangles were used to estimate extended endpoints for 
cross sections.   
 
Bridge Data 
 
 Field data for the hydraulic model, river cross sections, measurements of bridge 
openings, and road elevations were all collected around 1990.  A specific task of the current 
project was to conduct a reconnaissance of each bridge in the study area to verify model data.  
The widths (parallel to the direction of flow) of the bridges were not systematically measured for 
the WSP-2 model, so these data also were needed to refine the HEC-RAS model.  Changing the 
bridge widths to measured values necessitated adjusting the distance between the upstream 
section and the bridge deck in the model input.  Data indicating deck thickness entered in the 
model were checked against field measurements and adjusted accordingly. 
 
 Field reconnaissance was performed in the spring of 2000 and the fall of 2001.  Bridges 
crossing the Embarras, East Branch Embarras, and the Black Slough were inspected, and bridge 
deck widths and thicknesses were measured (Table 3).  One or more photographs of the bridges 
were taken.  Digital copies of the photos are provided on the attached CD-ROM.  These photos 
show stream and channel vegetation, and can be used to refine the model parameters in the 
bridge flow calculations.  
 
Hydraulic Modeling 
 
The HEC-RAS model is supported and distributed by the U.S. Army Corps of Engineers, 
Hydraulic Engineering Center (HEC).  Version 2.2 of this model was used to calculate water 
surface profiles for the Embarras River system.  The model option used in the present study 
performs a one-dimensional, steady flow calculation.  The basic energy equation is solved using 
Manning’s equation to calculate friction loss, and contraction and expansion losses are computed 
as functions of velocity. The momentum equation is used for stream junctions and for some 
bridge crossings.  Additional information about the model can be found in the Hydraulic 
Reference Manual (Brunner, 1997a) and the User’s Manual (Brunner, 1997b).  
 
Manning’s n values are set to represent channel resistance or roughness.  The Manning’s 
n values used in the 1999 version of the HEC-RAS model were reviewed for consistency with 
vegetation and channel conditions observed during the field reconnaissance and as shown on the 
base maps.  A Manning’s n of 0.45 was used for channel roughness in the 1999 model.  In areas  
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Table 3a.  Embarras River (main stem) Bridge Data from Field Inspections, 2001 
 
 
 
Location 
 
 
River 
station 
Deck 
width 
(feet) 
Deck 
thickness 
(feet) 
 
 
Notes 
    
First Street 2282.5  N/A   N/A  Culvert dimensions from as-built plans.  
CR 1300 North 2212  N/A  1.4 Could not measure width due to traffic. Watershed is similar upstream and downstream. 
Moderate to heavy streambank vegetation extends 10 to 20 feet. 
CR 1200 North 2150.75 28.3 1.7 N/A 
CR 1100 North 2098 26.5 2.9 There are 2 inches of blacktop over the 1.7-foot deck and a deep ditch parallel to the road 
on the right bank side, upstream of the bridge. 
Field bridge 2042.5 21.8 0.8 Water depth is exceeds1foot. Bridge is constructed of concrete and appears to be used.  
Field bridge 2022.5 16.1 0.3 Bridge is constructed of wood and does not appear to be used.  
CR 900 North 1990  N/A  1.9 Bridge has a 2-inch blacktop overlay. Recent stream improvements include dredging and 
bank stabilization with rip-rap.  
Norfolk and Western RR 1933 24.5  N/A  Deck width is abutment to abutment.  Tracks are 9 feet wide. 
CR 800 North 1932 27.5 1.7 Distance from centerline of CR 800N to centerline of Norfolk and Western RR is 73 feet.  
CR 700 North 1875 24 1.3 Stream is channelized; left and right bank contours are symmetrical. 
CR 600 North 1818.15 26.2 2.6 Trapezoidal channel; cross sections are symmetrical. 
CR 500 North 1759 27.4 2.2 Trapezoidal channel; broad and flat floodplain. 
CR 400 North 1692 27.35 2.2 Trapezoidal channel with spoil deposited on top of bank. 
CR 200 North 1561 37.5 2.5 N/A 
CR 100 North 1499.5 27.3 2.2 Left bank steep up- and downstream of bridge. 
Champaign/Douglas  
     County Line 
1433 29.4 2.2 Heavy brush, vegetated sand bars up- and downstream of bridge. 
 
Note: N/A = not available 
          CR = County road 
Table 3b.  East Branch Embarras River Bridge Data from Field Inspections, 2001 
 
 
 
Location 
 
River 
station 
Deck 
width 
(feet) 
Deck 
thickness 
(feet) 
 
 
Notes 
     
    
    
    
   
   
CR 1500 East  
 
17 24 1.7 Local dumping ground: stream channel filled with large appliance, tires, etc.  
CR 200 North 
 
124 31.9 2.7 N/A
CR 300 North 
 
174 26.45 1.7 N/A
CR 400 North 
 
227.8 30.4 1.2 N/A
IL Route 130 
 
248   Traffic prohibited measurement of deck dimensions. 
CR 1700 East 
 
339 22.7  Bridge deck has a 1.5-inch layer of asphalt over 2.9-inch layer of asphalt. 
CR 1800 East 404.5 27.25 1.3 Channel banks are steep. A ditch parallel to the road, on right bank, joins the river at the 
upstream side of bridge and a ditch parallel to the road on the left bank joins the 
river at the downstream side of the bridge. 
Field bridge 467.5 N/A N/A Inaccessible; from a distance the bridge appears the same as the other wooden field 
bridges. 
Missouri Pacific RR 467 N/A    > 6 Elevated RR grade exceeds the natural ground level by more than 15 feet. The 
embankment is likely to function as dam, impounding flows, during major flood 
events. 
 CR 1900 East 
 
474 24.2 2.3 N/A
CR 2000 East 
 
528 28.1 1.4 Floodplain appears the same upstream and downstream of bridge. 
CR 300 North  
 
556  3.6 Bridge is perched; side rail is solid. 
CR 2100 East 591 30.3 1.9 Floodplain appears similar upstream and downstream of bridge, large ditches are along 
the road upstream and downstream of the bridge. There are approximately 2 inches 
of asphalt over a 1.7-foot thick bridge deck.  
  
Table 3b. (continued) 
 
 
Location 
 
River 
station 
Deck 
width 
(feet) 
Deck 
thickness 
(feet) 
 
 
Notes 
     
    
    
    
    
    
Field bridge  
 
672 24 2.1  Deck thickness was measured to top of an I-beam. 
CR 2300 East 
 
702 27.4 2.2 Trapezoidal channel; floodplain appears the same up- and downstream of bridge. 
CR 2400 East 
 
754 30.3 2.2 Floodplain appears similar up- and downstream of bridge; rip-rap under bridge for bank 
stabilization. 
West Bridge in 
  Broadlands 
792 27 N/A Distance from centerline of West Bridge to centerline of west pedestrian bridge is 31 feet. 
West pedestrian bridge 
 
792.5 6 N/A N/A
East pedestrian bridge 
 
795.5 6 N/A N/A
CR 2500 East 
 
796 34 N/A Distance from centerline of CR 2500East to centerline of east pedestrian bridge is 32 feet. 
. 
Missouri Pacific RR 
 
798 N/A N/A N/A
CR 200 North  
  (bridge by school) 
800 38 N/A Approximately 180 feet along stream thalweg from centerline of Missouri Pacific RR to 
centerline of CR 200 North. 
Field bridge  
 
814 14 <1
Field bridge 
 
858.5 N/A N/A Could not gain access to confirm presence of this bridge, it does appear on the digital 
orthoquadrangle. 
Field bridge 
 
935 N/A N/A Could not gain access to take measurements; photo taken from CR 2800 East. 
CR 2800 East 
  (Champaign/Vermilion 
  County Line)  
963 N/A N/A Culvert.
 
Note:  N/A = not available 
           CR = County Road
 
Table 3c.  Black Slough Bridge Data from Field Inspections, 2001 
  
 
 
Location 
 
River 
station 
Deck 
width 
(feet) 
Deck 
thickness 
(feet) 
 
 
Notes 
     
    
   
   
CR 1000 North  
 
307.5 N/A N/A Culvert
CR 900 North 253 29.6 2.2 Streambed is completely vegetated; the watershed looks the same both up- and 
downstream. 
CR 1500 East 
 
242 28.2 2.2 Fully vegetated streambed. 
Norfolk and Western RR 222.6 N/A N/A Distance from centerline of RR to centerline of field bridge at station 222 is 40 to 50 feet. 
 Field bridge 
 
222 14 1
CR 800 North 
 
200 27.3 1.7 
CR 700 North 
 
150 27.3 2.2 Up- and downstream floodplain similar. 
CR Field Bridge 
 
124   Could see field bridge, but no ready access to conduct measurements. 
CR 600 North 
 
95 28.1 1.7 Up- and downstream floodplain similar; bank is built up. 
 
Note:  N/A = not available 
           CR = County road 
 
 
with light brush and crops, a Manning’s n of 0.8 was used for the floodplain beyond the channel.  
In the lower reaches with numerous trees and heavier vegetation, a Manning’s n of 1.0 was used 
for the floodplain beyond the channel.  These values were used in the updated HEC-RAS model.  
There were few changes from the Manning’s n values in the 1999 version.  
 
Bridge Modeling 
 
The HEC-RAS computer program offers several options for modeling the effect of 
bridges on flow parameters.  Low-flow options are used when the water surface is below the 
highest point of the low chord of the bridge opening.  High-flow options are available for flows 
that come into contact with the low chord of the bridge deck.  
 
Under low-flow conditions, there are four options: the energy method, the momentum 
method, the Federal Highway Administration (FHWA) WSPRO model method, and the Yarnell 
method.  The energy and the momentum methods are the most physically based.  The FHWA 
WSPRO bridge modeling routine is partially physical and partially empirical.  It was developed 
for constricted bridge openings and heavily vegetated floodplains.  The Yarnell method is 
completely empirical.  The energy and momentum methods are recommended in the HEC model 
user's manual (Brunner, 1997b).  The WSPRO method, while widely accepted in Illinois, is not 
generally applicable to the upper Embarras watershed.  The HEC-RAS model has the capability 
to test each of the four options for low-flow computation and then use the method that produces 
the highest energy loss.  
 
There are two options for simulating the effect of the bridge crossing when flows are of 
sufficient magnitude that the water level exceeds the low chord of the bridge.  The energy 
method uses equations to compute the energy loss as the flow passes the bridge and the 
subsequent effect on flow elevation and velocity.  The pressure and weir method is an alternate  
computational routine that treats the bridge opening as an orifice with pressurized flow.  This can 
occur when water backs up behind the bridge.  The appropriate modeling option depends on the 
specific flow conditions at the bridge.  The HEC-RAS model does not provide the option of 
testing both computational methods during the same simulation.  The user must specify which 
procedure to use for each bridge individually and test alternatives directly. 
 
Conditions created by a restrictive bridge crossing generally can be described as one of 
four scenarios.  If the bridge deck is a small obstruction to the flow, the energy equations provide 
a reasonable simulation of energy losses.  When the bridge and the bridge deck are large 
obstructions and cause the water to back up behind the bridge, the pressure and weir method is 
applied.  When the backed up water reaches a height sufficient to overtop the bridge deck, the 
volume of flow is computed using weir equations.  Some bridge crossings may be so restrictive 
that they are highly submerged and the flow over the road is no longer in the range of weir flow.  
When this occurs, the energy method best simulates the losses and effects on flow parameters.  
 
Nine bridges cross the Black Slough in Champaign County.  Within the study limits, 23 
bridges cross the East Branch Embarras above the confluence with the Black Slough.  
Downstream of the confluence, four bridges cross the East Branch Embarras in Champaign 
County before it joins the Embarras River.  Within the study limits, 15 bridges cross the 
Embarras River upstream of the confluence with the East Branch Embarras.  One bridge crosses 
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the Embarras downstream of the confluence at the county line between Champaign County and 
Douglas County.   
 
Bridges located across the Embarras, East Branch Embarras, and the Black Slough are, in 
most cases, adequate to pass the 2-year flood flow, and the low-flow options for modeling the 
dynamics are applicable.  The energy and momentum methods were selected and tested for low-
flow conditions.  The highest energy loss result was selected for the final simulation of 2-year 
flood elevations.  Field bridges typically present little impediment to the flow, but the 2-year 
flood overtops these bridges at some locations within the study area.  The energy equation was 
used to compute the losses and simulate flow at field bridges.  
 
Flood discharges (with a one percent annual chance of being equaled or exceeded) 
calculated for the Embarras River, East Branch Embarras River, and the Black Slough are of 
such a magnitude that the predicted flow elevations exceed the low chord of bridge decks at 
many crossings and overtop the road.  Flow conditions unique to each bridge under high-flow 
conditions were examined, and the most representative computational method was specified for 
the model simulations. 
 
Input data requirements for the HEC-RAS model differ from those of the WSP-2 model 
for which the data were collected.  Warning messages are generated in the HEC-RAS model 
when the spacing of cross sections near bridges does not meet model recommendations.  Bridge 
crossings could be better represented, and their effect more accurately modeled, if additional 
cross sections were measured, as well as the dimension of sloping abutments and wing walls 
(where they are present).  The HEC-RAS model will better compute weir flow if elevations 
along the roadway crest are entered for the full width of the cross section.  Currently, only the 
abutment to abutment bridge deck elevations are provided in the input stream.  
 
Culvert Modeling 
 
There are three culverts included in the HEC-RAS model.  These three culverts are 
located at the upstream extent of each river, the Black Slough, the East Branch Embarras, and the 
Embarras.  The industry standard for modeling culvert flow is documented in the Federal 
Highways Administration manual Hydraulic Design of Highway Culverts (Normann et al., 
1985).  The HEC-RAS model uses this method for modeling flow through culverts.   
 
The upstream limit of study for the Embarras River is the bridge at CR1300N.  However, 
a culvert located upstream at First Street was part of the original WSP-2 model.  The as-built 
plans for the culvert and flood weir, constructed in 1990, were obtained from the City of 
Champaign.  The culvert, road, and weir geometry from the as-built plans were input in the 
model in place of the original data entered.  Because there are an insufficient number of cross 
sections to fully define the channel between CR1300N and First Street, the accuracy of the flood 
elevations simulated for this reach is uncertain.  McCullough Creek joins the Embarras River 
between these two structures.  McCullough Creek was not considered in the original model or 
the current study. 
 
The upstream limit of the study on the East Branch of the Embarras River is the county 
line between Champaign County and Vermilion County.  A concrete box culvert conveys flow 
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under the county line road.  This structure is unique.  The walls of the culvert extend to a 
concrete wall perpendicular to the flow, forming a concrete box at the upstream end.  The wall 
perpendicular to the channel acts as a weir, and the flow drops down to the invert of the culvert.  
In the original model, the culvert was treated as a bridge.  The input data and calculation method 
specified were altered to take advantage of the culvert computation routines in the HEC-RAS 
model.  The abrupt change in channel slope at the culvert causes the flow to pass through critical 
depth.  The culvert serves as a transition point in the streambed, likely the end of the dredged 
channel.  Several photos of this structure were taken and are available on the enclosed CD-ROM.   
 
A culvert under CR1000N is the most upstream structure modeled for the Black Slough.  
The culvert is a pipe arch design, and standard calculation methods were used to evaluate its 
performance. 
 
Comparison to 1999 Version of Embarras HEC-RAS Model 
 
Water surface elevations simulated with the revised model were compared to the 
elevations simulated using the 1999 version of the HEC-RAS model.  There are 245 cross 
sections common to both models.  Of these, the water surface elevations simulated for the one 
percent annual chance flood differs by more than ± 0.1 foot at 129 cross sections.  Of these 129 
cross sections, 33 cross sections have water surface elevations that differ by more than  ± 0.5 
foot, and at 12 cross sections the difference is more than ± one foot.  Nine of the cross sections 
for which the model results differ by more than one foot are located in the Embarras River reach 
beginning just downstream of the bridge at CR900N and extending upstream about 0.5 mile to a 
farm bridge in Section 17 T18N R09E.  Additional cross sections in this reach should be 
measured to confirm the channel geometry and bed elevations.   
 
Comparison to Current Floodplain Maps and Studies 
 
The FEMA Flood Insurance Rate Maps (FIRMs) remain the official regulatory maps 
used for floodplain management.  The FIRMs show Special Flood Hazard Areas (SFHAs) that 
represent the area expected to be inundated during the flood that has a one percent chance of 
being equaled or exceeded in any given year, i.e., one percent annual chance flood, a.k.a. the 
100-year floodplain.  Petitions to FEMA are required to modify these maps and adopt the 
floodplain boundaries shown on the maps in the attached CD-ROM.  The FIRMs for the County 
of Champaign, Illinois, Unincorporated Areas (FEMA community number 170894) that include 
portions of the study area are panels 0180B, 0200B, 0275B, and 0300B, all bearing the effective 
date of March 1, 1984.  The floodplain within the Village of Broadlands (FEMA community 
number 170025) appears on Map 01, effective date of  March 9, 1984.  The ISWS created a 
digital coverage of the floodplain boundaries shown on the current FIRMS that is available 
through the Illinois Natural Resources Geospatial Data Clearinghouse for Champaign County 
http://www.isgs.uiuc.edu/nsdihome/browse/ champaign/champaign.html).  By overlaying the 
two digital coverages, it was possible to compare the floodplains shown on the FIRMs with the 
floodplain boundaries derived from the flood elevations simulated with the HEC-RAS model.   
 
Working maps were prepared showing the SFHAs, the one percent annual chance 
floodplains derived from the models, with the USGS 7.5-minute digital quadrangle serving as a 
base map.  The floodplains (SFHAs) shown on the current FIRMs are not consistent with the 
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USGS topography.  There are numerous instances where the floodplain boundary crosses back 
and forth over a single contour, which would indicate that the flood level falls and then rises 
again in the downstream direction.  There are cases where the approximate elevation of the 
FIRM floodplain interpolated from the topography at a point on the river may differ by more 
than the contour interval from one side of the river to the other.  There are reaches where the 
elevation of the SFHA boundary interpolated from the topography suggests a flood elevation as 
much as 10 feet higher than predicted by the model.   
 
The SFHAs depicted on the FIRMs do not extend the full length of the rivers.  The one 
percent annual chance floodplain delineated from the HEC-RAS model output extends several 
miles upstream of the SFHAs.  In general, the SFHAs on the FIRMs indicate a much wider 
floodplain than the model results indicate.  
 
Downstream of the limit of this study (Champaign/Douglas County line), flood 
discharges and elevations were previously computed for the Embarras River within the corporate 
limits of the City of Villa Grove.  The TR-20 models prepared by the NRCS (Upper Embarras 
River Basin Planning Committee, 1996) and the 1999 version of the HEC-RAS model extend 
south, and through the City of Villa Grove.  Jordan Creek joins the Embarras River within Villa 
Grove, just below the bridge at Sycamore Street (Route 130).  Table 4 lists the 10-, 50-, and 100-
year (10-percent, 2-percent, and 1-percent annual chance, respectively) discharges published in 
the FIS for the City of Villa Grove (FEMA, 1978) and the discharges computed using the TR-20 
model for the Embarras River above Jordan Slough.  The 50- and 100-year discharges are 
different by less than two percent.  The discharges corresponding to the 10-year flood event 
differ by more than 15 percent.  Table 5 compares the water surface elevations just above the 
confluence and just above the Sycamore Street bridge predicted by the model to the elevations 
interpreted from plots of the 10-, 50-, and 100-year floods published in the FIS for the City of 
Villa Grove.  The water surface elevation predicted by the model for the 10-year event is 1.5 feet 
and 1.9 feet lower than shown on the FEMA profile at the two locations, respectively.  For the 
50- and 100-year flood events, the elevations predicted by the model also are lower than the FIS 
profile at both locations.   
 
Model Validation and Regulatory Standards 
 
The hydrologic analysis and the discharges computed using the TR-20 model were 
calibrated using the gaging station record for the USGS streamgaging station at Camargo (see 
Appendix A).  The TR-20 model was used to compute the discharges input to the hydraulic 
model.  The TR-20 model was calibrated in part using the gaging station record for the USGS 
streamgaging station at Camargo (drainage area 186 sq. mi.), the only streamflow data for this 
study portion of the watershed.  Calibration of the hydrologic model is discussed in full in 
Appendix A.  At the time of model development, the record included about 30 years of data.  
Statistical analysis of the streamflow record (Appendix A) indicates a range of values for the 
computed discharges at the gage (13,000 cfs to 6,500 cfs) within 95 percent confidence limits. 
The hydrologic model was further refined (within these limits), giving consideration to the 
partial duration-frequency assessment of runoff volumes, results of USGS regression equations, 
the Villa Grove FIS, and the 1977 Daily and Associates report documenting observed flood 
peaks and flood elevations at Villa Grove.  Values in Table 4 show that near the downstream  
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Table 4.  A Comparison of Flood Discharges for the Embarras River 
above the Confluence with Jordan Slough 
 
  
 
Flood 
Upper Embarras 
Watershed model  
City of Villa Grove flood 
insurance study  
 (cfs) (cfs) 
   
 10-year 3800 4486 
 50-year 6400 6362 
100-year 7100 7183 
 
 
 
Table 5.  A Comparison of Flood Elevations for the Embarras River 
 
 Above confluence with 
 Jordan Slough 
  
Above Route 130 Bridge 
 
 
Flood 
 
Upper Embarras 
Watershed model 
City of Villa 
Grove flood 
insurance Study
  
Upper Embarras 
Watershed model 
City of Villa 
Grove flood 
insurance study
      
10-year  645.6 647.1  645.7 647.6 
50-year  648.8 649.3  648.9 649.5 
100-year  649.9 650.2  650.0 650.5 
      
Note:  All elevations in feet, NGVD 1929.    
 
boundary of the current study (Champaign-Douglas County line, drainage area 121.5 sq. mi.), 
TR-20 model results are consistent with 50-year and 100-year discharges published in the Villa 
Grove FIS.  These values are also consistent with USGS equation results.   Note that once 
flooding reaches a magnitude on the order of a 1 percent chance of occurrence (100-year flood), 
the floodplain is typically very wide, and the rate of increase in flood elevation diminishes as 
discharges increase.   
 
A data set documenting flows and water elevations for a significant flood event does not 
exist for the study reaches.  Validation of the model would require observations of water 
elevations and measurement of discharges in the Black Slough, in the East Branch, particularly 
in the Village of Broadlands, and at flow-constricting bridge crossings on the Embarras.  As 
noted above, the model results do not differ significantly from the design discharges and flood 
elevations published in the FIS for the City of Villa Grove. 
 
The Embarras HEC-RAS model was checked using the CHECK-RAS program 
developed by Dewberry and Davis LLC under contract to FEMA (FEMA, 2000a).  This program 
performs a series of checks of the model input and simulation results to verify that the model’s 
estimates and assumptions are in accord with HEC-RAS program assumptions and limitations.  
After performing the initial CHECK-RAS evaluation, adjustments were made to the model input, 
as available data permitted.  Expansion and contraction loss coefficients were changed to 
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suggested values.  However, additional field data are needed to eliminate sources of uncertainty 
in the modeling. 
 
There are FEMA-recommended standards for regulatory modeling.  Typically, cross-
section spacing should not exceed 500 feet, and all cross sections must be field measured.  Cross 
sections interpolated from measured sections are, in most cases, unacceptable with the exception 
of some bridge cross sections.  Some cross sections in the Embarras model are located thousands 
of feet apart.  In some river reaches where the channel changes very little, FEMA may accept 
cross-section spacing greater than 500 feet.  However, additional cross sections would have to be 
measured where the channel geometry changes notably between adjacent cross sections, and 
interpolated cross sections should be replaced with field measurements.  Some additional 
measurements are needed at bridges, particularly those with wing walls or sloping abutments.  
 
The HEC-RAS model has a junction option to model the confluence of two streams. 
Calculations are based on the conservation of momentum.  However, this option should be used 
for modeling flood flows only if the ratio of the drainage areas of the streams is at least 0.6 and 
the ratio of the times of concentration is at least 0.8.  The confluence of the Embarras and the 
East Branch Embarras meets these tests.  The confluence of the Black Slough and the East 
Branch Embarras does not.  In the current model, the junction option is used for both 
confluences.  A future regulatory model should simulate flood flows on the Black Slough 
independently.  
 
As noted previously, water surface elevation profiles and floodplain maps are identified 
by the frequency of the discharge to which they correspond (percent chance of being equaled or 
exceeded).  There are inherent uncertainties in the calculation of various discharges and 
uncertainties in model assumptions and limits to modeling accuracy.  Guidelines developed by 
FEMA for floodplain mapping provide a consistent standard for development of flood profiles 
and maps using acceptable engineering methods.  The objective is to define the extent of 
flooding with a 1 percent chance of being equaled or exceeded in any given year.  The precision 
of floodplain mapping varies with data availability.  Local governments can adopt ordinances 
that further reduce risk by incorporating a factor of safety, such as adding one foot to predicted 
flood elevations to set an alternate flood protection elevation for construction activities. 
 
Model Output and Interpretation 
 
The HEC-RAS model simulates the water surface elevation expected at each river cross 
section for specified flows.  The elevation value in feet is relative to the vertical datum used for 
the cross-section data.  In this study, NGVD 1929 was used.  The return frequency of the flood 
discharge is assigned to the floodplain defined by the elevations simulated for that discharge.  
  
Water surface elevations at individual cross sections provide only limited information 
about the nature of flooding along the river course.  Plots of water surface elevation and 
streambed elevation versus distance along the river course show the depth of flooding and 
provide flood elevation information at cross sections.  Flood profiles are interpolated between 
cross sections.  Appendix B contains plots showing the bed elevation, the one percent annual 
chance flood elevation, and 50 percent annual chance flood elevation profiles versus distance 
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along the stream.  These plots provide information on flood elevations along the entire river 
course.  Water depths for different flood events can be compared.  Water depths for various 
floods at bridge cross sections are useful in identifying potential transportation interruptions.   
 
Floodplain maps show a planimetric view of the floodplain, its extent, and relationship to 
landmarks.  The floodplain boundary for the given flood frequency is defined as the intersection 
of the water surface with the ground.  Floodplain maps are derived from hydraulic model output 
by comparing ground surface elevations from topographic mapping to the predicted flood 
elevation at each cross section.  Once the lateral extent of the floodplain at each cross section is 
established, the floodplain boundary is drawn to smoothly transition from elevation to elevation 
between the cross sections. 
 
Four individual digital maps for the study area illustrate the floodplain boundaries on the 
DOQ base map.  The final map files are in PDF format on the attached CD-ROM in the file 
folder maps_pdf.  The CD-ROM format is compatible with Microsoft Windows Operating 
System Version 95 or later.  However, ArcGIS 8.1 requires a later version of the Microsoft 
Windows Operating System.  Digital data used to compose the maps are also stored on the CD-
ROM in the file folder emb_gis.  These floodplain maps may be printed at a 1:24,000 scale (1 
inch = 2,000 feet) or smaller scale.  The 1:24,000 scale is the largest scale for which the digital 
data are valid, and the maps should not be reproduced at a larger scale.  Each map covers the 
same area shown on the corresponding USGS 7.5-minute topographic quadrangle.  Instructions 
for reproducing the maps are provided later in this report. 
 
 
Photographic Documentation 
 
There are 52 bridges within the study limits.  Photographs of bridges crossing the 
Embarras River, East Branch Embarras River, and Black Slough were taken during site visits in 
the fall of 2000 and the spring of 2001.  These photographs document bridge type, piers, and 
stream channel appearance.  At most bridges, photographs also were taken from a position on the 
bridge looking upstream and then looking downstream to document channel and floodplain 
characteristics.  These photos were digitally reproduced and are on the enclosed CD-ROM.  Each 
bridge has a unique cross section number in the HEC-RAS model.  The name of the road and the 
number of the bridge are cross-referenced with the photo file number in Table 6.   
 
Digital photographs of the Embarras River basin are located in the Photos folder on the 
CD-ROM.  Images are in JPEG format and can be viewed with standard imaging programs, 
Internet browsers, and GIS software with JPEG image support.  The file name of each JPEG file 
consists of a five-digit alphanumeric identifier.  The first four digits are the same for photographs 
taken at or from the same structure.  A letter uniquely identifies photographs taken from the 
same structure.  The first photograph has the designation “a”, and subsequent photographs are 
“b”, “c”, etc.  A photo log describing each photograph is also available in the Photos folder in 
DBF format (photolog.dbf) and in Microsoft Excel 97 format (photolog.xls) on the CD-ROM.  
The complete filename (i.e., 3009a) of each photograph links to the field FILE_NAME in the 
photo log table. 
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Table 6a. Embarras River Photo Locations and File Numbers 
  
Cross section 
number 
Photo file 
number 
 
Location 
 
Notes 
    
2212 3009a CR 1300 North Looking upstream to bridge 
2212 3009b CR 1300 North From bridge, looking upstream  
2212 3009c CR 1300 North From bridge, looking downstream 
2150.75 3015a CR 1200 North Looking downstream to bridge 
2150.75 3015b CR 1200 North From bridge, looking upstream  
2098 3022a CR 1100 North Looking downstream to bridge 
2098 3022b CR 1100 North From bridge, looking upstream 
2042.5 3028a Field bridge  Looking upstream to bridge 
2022.5 3033a Field bridge  From bridge, looking upstream  
2022.5 3033b Field bridge  Looking upstream to bridge 
1990 3039a CR 900 North Looking upstream to bridge 
1990 3039b CR 900 North Looking upstream to bridge 
1933 3048a Norfolk & Western RR Looking upstream to bridge 
1932 3051a CR 800 North Looking upstream to bridge 
1932 3051b CR 800 North From bridge, looking upstream at RR bridge 
1932 3051c CR 800 North From bridge, looking upstream at RR bridge 
1932 3051d CR 800 North From bridge, looking downstream  
1875 3058a CR 700 North Looking upstream at bridge 
1875 3058b CR 700 North Looking upstream at bridge 
1875 3058c CR 700 North From bridge, looking upstream 
1875 3058d CR 700 North From bridge, looking downstream   
1818.5 3064a CR 600 North From bridge, looking downstream  
1818.5 3064b CR 600 North From bridge, looking upstream  
1818.5 3064c CR 600 North Looking upstream to bridge 
2038.5 3070a Field bridge  From bridge, looking upstream 
1759 3070b CR 500 North From bridge, looking downstream  
1759 3070c CR 500 North Looking downstream to bridge 
1692 3076a CR 400 North From bridge, looking downstream 
1692 3076b CR 400 North From bridge, looking upstream  
1692 3076c CR 400 North Looking upstream to bridge 
1636 3082a CR 300 North From bridge, looking downstream  
1636 3082b CR 300 North From bridge, looking upstream  
1636 3082c CR 300 North Looking downstream to bridge 
1561 3088a CR 200 North Looking upstream to bridge 
1499.5 3095a CR 100 North From bridge, looking downstream  
1499.5 3095b CR 100 North From bridge, looking upstream  
1499.5 3095c CR 100 North Looking downstream to bridge 
1433 3101a Champaign/Douglas 
County Line Road 
Looking upstream to bridge 
1433 3101b Champaign/Douglas 
County Line Road 
From bridge, looking upstream 
1433 3101c Champaign/Douglas 
County Line Road 
From bridge, looking downstream 
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Table 6b. East Branch Embarras River Location and Photo File Numbers 
  
Cross section 
number 
Photo file 
number 
 
Location 
 
Notes 
    
963 2003a CR 2800 East, Champaign/ 
Vermilion County Line 
Looking downstream at culvert 
963 2003b CR 2800 East, Champaign/ 
Vermilion County Line 
Looking downstream into culvert 
963 2003c CR 2800 East, Champaign/ 
Vermilion County Line 
From culvert, looking upstream  
963 2003d CR 2800 East, Champaign/ 
Vermilion County Line 
From culvert, looking downstream  
935 2008a Field bridge Looking downstream at bridge 
935 2008b Field bridge Looking downstream at bridge 
907 2013a CR 2700 East Looking downstream to bridge 
907 2013b CR 2700 East Looking upstream to bridge 
907 2013c CR 2700 East From bridge, looking downstream  
907 2013d CR 2700 East From bridge, looking upstream  
858.5 2019a Field bridge Looking downstream at bridge 
814 2024a Field bridge Looking downstream at bridge 
814 2024b Field bridge Looking upstream at bridge 
800 2028a CR 200 North Looking upstream at bridge 
800 2028b CR 200 North Looking upstream at bridge 
800 2028c CR 200 North From bridge, looking upstream  
798 2032a Missouri Pacific RR Looking north (downstream) at bridge 
798 2032b Missouri Pacific RR Looking downstream at bridge 
798 2032c Missouri Pacific RR Looking at SW end of bridge 
798 2032d 
 
Missouri Pacific RR Looking upstream at bridge 
796 2036a CR 2500 East Concrete headwall along north side of stream 
796 2036b CR 2500 East Looking downstream at bridge 
796 2036c CR 2500 East Looking upstream at bridge 
796 2036d CR 2500 East Looking downstream at headwall 
795.5 2037a East pedestrian bridge, 
Broadlands 
Looking upstream from bridge 
792.5 2041a West pedestrian bridge, 
Broadlands 
Looking east (upstream) from bridge 
792.5 2041b West pedestrian bridge, 
Broadlands 
Looking north between west bridge and west 
pedestrian bridge 
792 2042a West bridge, Broadlands Looking downstream at bridge 
792 2042b West bridge, Broadlands Looking at bridge from west pedestrian bridge 
754 2047a CR 2400 East Looking downstream at bridge 
754 2047b CR 2400 East From bridge, looking downstream  
702 2053a CR 2300 East From bridge, looking downstream  
702 2053b CR 2300 East Looking upstream at bridge 
672 2058a Field bridge Looking upstream at bridge 
672 2058b Field bridge Looking downstream at bridge 
646 2063a CR 2200 East From bridge, looking downstream  
646 2063b CR 2200 East From bridge, looking upstream  
646 2063c CR 2200 East Looking downstream at bridge 
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Table 6b. (concluded) 
    
Cross section 
number 
Photo file 
number 
 
Location 
 
Notes 
    
591 2069a CR 2100 East From bridge, looking upstream  
591 2069b CR 2100 East Looking downstream at bridge 
556 2074a CR 300 North Looking upstream at bridge 
556 2074b CR 300 North Looking upstream at bridge 
556 2074c CR 300 North Looking downstream at bridge 
556 2074d CR 300 North From bridge, looking downstream  
528 2079a CR 2000 East From bridge, looking upstream  
528 2079b CR 2000 East Looking downstream at bridge 
474 2085a CR 1900 East From bridge, looking downstream at rail road 
467 2089a Missouri Pacific RR Looking downstream at railroad bridge 
467 2089b Missouri Pacific RR From bridge, looking upstream to 1900E 
467 2089c Missouri Pacific RR Looking at railroad grade 
467 2089d Missouri Pacific RR From bridge, looking downstream 
446.5 2094a Field bridge Looking downstream at bridge 
446.5 2094b Field bridge Looking downstream at bridge 
404.5 2099a CR 1800 East Looking downstream at bridge 
404.5 2099b CR 1800 East From bridge, looking upstream  
404.5 2099c CR 1800 East From bridge, looking downstream  
339 2105a CR 1700 East From bridge, looking upstream  
339 2105b CR 1700 East From bridge, looking downstream  
339 2105c CR 1700 East Looking upstream at bridge 
248 2111a IL Route 130 Looking upstream at bridge 
248 2111b IL Route 130 From bridge, looking downstream at stream 
248 2111c IL Route 130 From road near bridge, looking upstream 
248 2111d IL Route 130 From road near bridge, looking upstream 
227.8 2116a CR 400 North Looking upstream to bridge 
227.8 2116b CR 400 North From bridge, looking downstream  
227.8 2116c CR 400 North From bridge, looking upstream  
174 2122a CR 300 North Looking downstream to bridge 
174 2122b CR 300 North Looking downstream to bridge 
124 2128a CR 200 North From bridge, looking upstream  
124 2128b CR 200 North Looking downstream at bridge from Route 130 
17 2135a CR 1500 East Looking at left bank on upstream side of bridge 
17 2135b CR 1500 East From bridge, looking upstream  
17 2135c CR 1500 East From bridge, looking downstream  
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Table 6c. Black Slough Photo Locations and File Numbers 
  
Cross section 
number 
Photo file 
number 
 
Location 
 
Notes 
    
253 1009a CR 900 North Looking downstream to bridge 
242 1013a CR 1500 East Looking upstream to bridge 
242 1013b CR 1500 East From bridge, looking upstream  
222.6 1019a Norfolk & Western RR Looking upstream to bridge 
222 1020a Field bridge Looking downstream to bridge 
200 1026a CR 800 North From bridge, looking upstream  
200 1026b CR800 North Looking downstream to bridge 
150 1032a CR 700 North From bridge, looking downstream  
150 1032b CR700 North Looking upstream at bridge 
95 1042a CR 600 North From bridge, looking upstream  
95 1042b CR 600 North Looking downstream at bridge 
44 1048a CR 500 North Looking upstream at bridge 
44 1048b CR 500 North Looking upstream at bridge 
44 1048c CR 500 North From bridge, looking upstream  
44 1048d CR 500 North From bridge, looking downstream  
 
 
GIS Data and Digital Floodplain Maps 
 
Background 
 
A digital map is a composite of information constructed or built by combining digital 
data sets into a single image.  Each feature of a digital map may be an independent layer or 
coverage.  Line work such as the location of rivers may be a stand-alone digital file.  The public 
land survey system information for sections, townships, and ranges is an independent coverage.  
Floodplain boundaries are an independent coverage.  Creation of digital floodplain maps 
involves many different data themes.  Some digital information was already available, such as 
the digital orthophoto quarter quadrangles that served as the base map.  Some data layers had to 
be created, such as the coverage showing the location of measured cross sections and the 
floodplain boundaries.  The USGS digital raster graphics (DRGs) are also available.  These maps 
are scanned, color USGS topographic quadrangles that are georeferenced to real-world 
coordinates. The DRGs are raster images (.tif format), and individual features cannot be 
manipulated.  These data and the cross-section data were used to develop the floodplain 
boundaries from the water elevation output from the HEC-RAS model.  
 
Environmental Systems Research Institute, Inc. (ESRI) GIS software was used to manage 
the geospatial data and create the floodplain maps.  Utilities available in the newly released 
ArcGIS 8.1 software proved indispensable in creating accurate maps.  The enclosed CD-ROM 
contains all coverages used to construct the floodplain maps.  Complete metadata 
(documentation of the digital data development and parameters) are provided for each coverage 
on the enclosed CD-ROM. 
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GIS Data and Sources 
 
Base Maps  
 
The 1:12,000 digital orthophotos (meeting USGS standards) have been adopted by 
FEMA for use as base maps for digital floodplain maps.  The digital orthophotos for Champaign 
County from 1998 photography meet this contemporary standard for base maps.  The USGS 7.5-
minute topographic quadrangles covering the study area have not been updated for more than 20 
years.  The digital orthophotos provided by the Champaign County Soil and Water Conservation 
District have more up-to-date and larger scale information on rivers, roads, land cover, and other 
land features than the current topographic quadrangles.   
 
Orthophotos are based on aerial photography.  Unlike aerial photographs that have 
distortions due to ground relief, buildings, camera angle, and the altitude at which the 
photograph was taken, orthophotos have been rectified to correctly show the locations of features 
in the image.  Streams, buildings, and roads appear in their true locations.  Distances can be 
directly measured, and the image can serve as a base map.  Digital orthophoto images can be 
used with other digital data in a GIS platform.  The common standard for producing digital 
orthophotos is to tile the images such that each image covers the area corresponding to one 
quarter of a USGS 7.5-minute quadrangle.  The USGS 7.5-minute quadrangles have a 1:24,000 
scale (1 inch = 2,000 feet).  The standard scale of the digital orthophoto quadrangle map (DOQ) 
is 1:12,000 (1 inch = 1,000 feet). 
 
River Coverage 
 
Rivers and streams were digitized from the DOQs.  This coverage was created by 
Champaign County Soil and Water Conservation District staff.  Some modifications were made 
to refine the digital data, and this modified river coverage is recorded on the CD-ROM.  The line 
work differs slightly from the stream lines shown on the 7.5-minute quadrangle.  This is to be 
expected, given the difference in scale between the 1:24,000 scale quadrangles and the 1:12,000 
scale orthophotos.  
 
Public Land Survey and Political Boundary Coverages 
 
The Public Land Survey and Political Boundary coverages are referenced at the Illinois 
Natural Resources Geospatial Data Clearinghouse.  The URL for Champaign County is 
http://www.isgs.uiuc.edu/nsdihome/browse/champaign/champaign.html.  The Center for Digital 
Government ranked Illinois second in the country in 2001 for its use of digital data.  The 
Clearinghouse also was cited as one of the nation's most extensive warehouses of data on 
geology, water resources, nature preserves, wildlife areas, land use, roads, census information, 
Public Land Survey data, etc.  The ISWS is a major contributor to the warehouse of digital data.  
 
Floodplain Features Coverage Development  
 
Features unique to the floodplain maps are the cross sections, the floodplain boundaries, 
and flood elevation lines.  Coverages were developed for each of these components from HEC-
RAS input and output data.  The HEC-RAS model computes the water surface elevation at each 
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cross section for each flood (e.g., one percent annual chance of occurrence discharge) of interest.  
Simulation results for a given flood event include flood elevation and width of the water surface 
in the channel and beyond each bank at each cross section.  These data together with topographic 
data are used to define the floodplain boundaries.  Flood elevations, and hence floodplain 
boundaries, are interpolated between cross sections. The floodplain maps were developed in 
accordance with the FEMA specifications described in Draft DFIRM Graphic Specifications 
(FEMA, 2000b). 
 
Cross-Section Coverage 
 
Cross-section locations must be accurately digitized to correctly assign flood elevations 
and water surface widths along the river course.  The HEC-RAS input data and field notes were 
used to locate cross sections using the DOQ as a base map.  Road bridges and field bridges can 
be readily identified on the DOQs so it is straightforward to measure from these landmarks along 
the stream course to establish (digitize) the location of nearby cross sections.  The distance 
between cross sections is part of the HEC-RAS input data.  However, it was a significant 
challenge to accurately locate cross sections removed from readily identified surface features.   
 
The cumulative distance between cross sections derived from the HEC-RAS model 
original input does not agree with the length of the river channel digitized from the 
orthoquadrangles.  Consequently, a procedure was adopted to establish cross-section locations.  
Cross sections immediately upstream and downstream of bridges were located using the 
distances given in the HEC-RAS original input data and field notes.  Channel distances between 
these established cross sections were computed using the digital river lengths.  Cumulative 
channel distances between these cross sections were likewise computed from the HEC-RAS 
input data.  Intermediate cross sections were positioned using channel lengths proportional to the 
lengths calculated from the original data.  Where information was available, cross-section 
locations were further checked against field notes, sketches provided in field notes, and location 
maps.  Channel lengths input to the HEC-RAS model were changed to agree with the digital 
data.   
 
Floodplain Boundary Coverage 
 
The floodplain boundary is defined by the set of points where the predicted water surface 
intersects the land.  The one percent annual chance floodplain was defined using the elevations 
simulated at each cross section and the topography of the land surface.  The flood elevation at 
each cross section was compared to elevation contours plotted on USGS topographic 
quadrangles to position the floodplain boundaries using the DRGs as base maps.  The 
topography on the DRGs is only part of a scanned image so it cannot be manipulated, and 
calculations such as interpolation between contours cannot be performed electronically.  
Therefore, the floodplain boundaries were hand-digitized using a composite image of the DRGs, 
river coverage, and cross-section coverage with flood elevation attributes.  The floodplain 
boundary between cross sections was interpolated following the elevation contours.   
 
The HEC-RAS model output at each cross section includes the water surface width for 
each flood event simulated.  The water surface width is a product of cross-section geometry input 
from field data.  Due to map scale and method of development, topography shown on the DRGs 
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may differ from the field data.  This can result in inconsistencies between the predicted width of 
the floodplain and that interpolated from the contour data for the given water surface elevation.  
Engineering judgement must be used to smooth the floodplain boundaries, taking into 
consideration how representative the cross section is and nearby landforms.  When such 
differences occurred, the floodplain boundary was drawn to be consistent with the topography, 
thereby avoiding the appearance of the floodplain boundary criss-crossing the topographic 
contours.  In practice, when floodplain boundaries are not consistent with current topographic 
maps of the same scale, the effect is to reduce confidence in the accurancy of floodplain 
mapping.  
 
Flood Elevations 
 
The floodplain map shows the one percent annual chance flood elevations at various 
locations along each river.  The elevations were added to aid with interpretation of the maps.  
The elevations shown were rounded to the nearest foot, and positioned as close as reasonably 
possible to the interpolated location where that flood elevation occurs.  They were not 
necessarily located at cross sections.  These elevations are relative to NGVD 1929.   
 
Digital Data 
 
Digital data used in the floodplain map development are recorded on the enclosed CD-
ROM.  The file CDcontent.txt contains a brief description of the CD-ROM folder contents.  
Digital data sets used to compose the maps are stored in the folder emb_gis.  This folder also 
contains a digital database of ARC/INFO coverages (point, line, and polygon), ArcGIS 
geodatabases (annotation features), and data tables for the study area.  Database creation 
followed the guidelines in Digital Flood Insurance Rate Map Database Guidelines and 
Specifications (FEMA, 2001).  The subfolder DOQ under emb_gis contains the USGS 1: 12,000 
scale DOQs of the of the study area.  The subfolder DRG contains the DRGs.  Floodplain maps 
generated from the compilation of the various data sets have been saved in Adobe Portable 
Document Format (PDF) in the folder maps_pdf. 
 
Metadata describe digital data content, quality, condition, data source data, scale, 
definitions of attributes, and other relevant documentation.  The ArcCatalog application was used 
to develop Federal Geographic Data Committee (FGDC) compliant metadata files for each GIS 
theme depicted on the maps.  Metadata help a person locate and understand the data.  They were 
written using the ArcMap metadata editor and are stored as an XML document within each 
coverage.  The metadata folder on the CD-ROM contains metadata for the digital database saved 
in text (.txt) format that can be viewed using a standard text editor. Appendix C contains 
abstracts from the metadata for each coverage.  
 
The Arc/Info coverages can be viewed with GIS software, such as ESRI’s ArcView or 
ArcGIS desktop.  Geodatabase features can be displayed with ArcGIS 8.1.  The USGS DOQs 
were compressed with MrSID software and can be viewed with ArcGIS or similar software, 
imaging software, or an Internet browser.  Data tables in dBASE (.dbf) format can be viewed 
with Microsoft Excel, GIS software, or imported into a Microsoft Access database.  Databases 
were developed following FEMA specifications (FEMA, 2001). 
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ArcGIS Tools 
 
The ArcGIS 8.1 software was used to compile digital data; develop the cross section, 
floodplain boundary, flood elevation coverages, and associated label features; and compose the 
maps.  This software is part of the GIS developed by ESRI and released in 2001.  The ArcMap 
application has features and utilities specifically for map composition. 
 
Utilities newly available in ArcMap made it possible to precisely locate cross sections 
along the stream course.  Nodes defining cross sections can be positioned by designating specific 
lengths or intervals along the river.  For example, road crossings are clearly defined landmarks 
on the DOQ base maps.  Nodes were set on the river line coverage at each road crossing.  The 
distances measured from these landmarks to cross sections were, in some cases, recorded in field 
notes and on location maps, and are part of the HEC-RAS model input data.  Cross sections were 
positioned using mapping tools to measure the distance along the digitized river from the 
landmark.  Alternatively, some cross-section locations were specified on the basis of landmarks, 
without the benefit of measurements along the river when the field data were collected.  These 
cross sections were positioned using the DOQs and/or DRGs to identify the landmarks, and then 
the distance along the river to the next cross section was computed digitally.  This is more 
accurate than hand-digitizing from paper maps, using on-screen measuring tools, or using map 
wheels to measure distances on paper maps.   
 
Printing and Reproducing Floodplain Maps 
 
Maps can be printed directly from Adobe PDF files or recreated and printed using 
ArcGIS software.  A large format plotter capable of printing a 25-inch by 36-inch page is 
required to print 1:24,000 scale maps.  General guidelines for printing using Adobe Acrobat 
Reader and step-by-step instructions for recreating maps using ArcGIS 8.1 follow.  
 
Printing Maps in PDF 
 
1. Open the file quadname.pdf with Adobe Acrobat Reader. 
2. In the file menu, select print. 
3. To print the original scale, set the page size of the printer to 25 inches by 36 inches. 
 
OR 
 
4. To print a scaled version, check "scale to page". 
 
Displaying and Printing Floodplain Maps Using ArcGIS 8.1 
 
Digital floodplain maps were developed using the ArcMap application in ArcGIS 8.1.  
This integrated GIS has a suite of three applications: ArcMap, ArcCatalog, and ArcToolbox.  It 
is important to note that layer files and geodatabases are not compatible with ArcView 3.2.  
Coverages can be individually loaded as themes in an ArcView 3.2 session. Each floodplain map 
is composed from several digital databases.  The ArcGIS 8.1 and ArcView 3.2 software 
packages are very sophisticated.  Training with these software is necessary to manipulate the 
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data.  The following instructions explain how to print the maps assuming the user has some 
experience with the ArcGIS 8.1 software.  
 
Digital orthophoto quadrangles (DOQs) form the base map.  The DOQs may be 
accurately displayed at a scale of 1:12,000 (1 inch = 1,000 feet).  Other data sets were developed 
from maps or information accurate only to 1:24,000 scale (1 inch = 2,000 feet).  Therefore, the 
floodplain maps should be viewed at a scale of 1:24,000, the same scale as U.S. Geological 
Survey 7.5-minute topographic quadrangles.   
 
The study area appears on four 7.5-minute topographic quadrangles: Allerton 
(provisional edition, 1982), Longview (provisional edition, 1982), Urbana (photo revised, 1975), 
and Villa Grove (provisional edition, 1982).  The DOQs are tiled such that four orthophotos 
compose one 7.5-minute quadrangle.  Each of the four digital floodplain maps covers the area 
corresponding to one of the four 7.5-minute quadrangles.  The same quadrangle names are 
referenced in the data files and used in ArcMap.   
 
Digital data are stored on the CD-ROM in three formats: Arc/Info coverages, ArcGIS 
geodatabases, and ArcGIS layer files.  All point, line, and polygon data on the enclosed CD-
ROM are stored as Arc/INFO coverages.  Symbology used for the coverages and DOQs are 
stored in layer files for easy reproduction of paper maps.  Annotations for the maps are stored in 
geodatabases sorted by USGS quadrangle name.  
 
Instructions for displaying and printing the maps using ArcMap in ArcGIS 8.1 follow.  
After initiating ArcMap, there are several basic tasks to compose the map components for 
viewing and printing.  The data must be loaded from the CD-ROM.  Specifying the boundaries 
and clipping the data sets to those boundaries identifies the map of interest.  The page size and 
printer setup must be specified.  Selecting layer files captures features and annotation files.  The 
map template is loaded, and then data must be visually aligned with a standard reference grid.  
The following step-by-step detailed instructions with screen captures illustrate the ArcMap 
session.  The floodplain map data were designed to be viewed at a scale of 1 inch = 2,000 feet.  
 
Occasionally a user may encounter difficulty accessing the layer files at the beginning of 
the ArcGIS session.  Layer files reference a specific file via a generic path. The layer file may 
lose its association if it, or the files it references, are moved. The steps to reset the data source for 
a layer are described as follows. 
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1. 
1. Double click on a feature set with a Red 
Exclamation Point.  The exclamation point 
indicates file cannot locate its data. 
 
2. Select the Source Tab in the Layer Properties 
menu. 
 
3. Click the Set Data Source button and follow 
the menus to establish a connection between 
the layer and its source data.     
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Load data into the default Data Frame titled “LAYERS” 
emb_gis\coverages\features.lyr 
emb_gis\DOQ\quadname_doq.lyr 
emb_gis\annotation\quadname_anno.lyr 
 
 
 
 
2. From the Data Frame Properties menu, Enable Clip to Shape to crop all features with the 
quadrangle boundary. 
 
 
                                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)
 
(b)
 
(c)
 
(d)
 
 33 Right click the ArcMap Table 
of Contents (TOC) and select 
properties. 
 Select the Data Frame tab in 
the Data Frame Properties 
Menu. 
 Check Enable under Clip to 
Shape, select border, then left 
click Specify Shape. 
 Select Outline of Features and 
choose the quadrangle 
boundary from the pull down 
menu.  
3. Set page size.  From the File menu, select Page Setup and specify map dimensions.  
 
 
Map Size 
 
Width = 25 inches 
 
Height = 36 inches 
 
Orientation = Portrait 
 
 
Printer Setup 
 
Set according to your printer 
preferences. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Switch to Layout view. Layout view shows the virtual page upon which you place and 
arrange geographic data and map elements for printing.  Select the View tab in the main 
menu tool bar and toggle from Data View to Layout View.  
 
5. Load map template “quadname.mxt.”  The filename “quadname” is a generic name to 
represent any of the four quadrangles within the scope of this study.  Replace “quadname” 
with the name (Allerton, Longview, Villa Grove, or Urbana) of the USGS quadrangle that is 
being displayed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Right click in the 
layout view, select the 
option “change 
layout….” 
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(b) Select the browse 
icon and open  
emb_gis\quadname.
mxt. 
 
 
(c) Click the finish 
button. 
 
 
 
 
  
(d) Order the data 
frame: 
 
1 = Layers 
2 = Empty 
3 = Empty 
     4 = Empty 
 
(e) Click the finish 
button. 
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6.  Align data with the UTM 16 N reference grid.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Turn on “utmgrid arc” in the TOC.  
Line features representing a 1000 
meter UTM grid should appear. 
 
(b) Set the scale to 1:24000.  If the 
scale is set incorrectly, the grid will 
not align with the labels and tic 
marks. 
 
(c) Use the pan tool to align the data to 
the reference grid labels. 
 
(d) Grab the map with the pan tool and 
move the map until the UTM grid 
lines (shown in blue) line up with 
the labels and ticks.  
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Summary and Recommendations 
 
Difficulties encountered when reconciling the original model input data with the digital 
hydrography and base maps are to a great extent due to scale differences between the types of 
base maps available in 1990 and digital maps available presently.  The scale of the paper 
topographic maps is 1:24,000 compared to the digital orthophoto scale of 1:12,000.  Tools 
available to perform data entry checks on digital maps provide a distinct advantage over 
conventional paper maps.  The comparison of river lengths derived from the model input stream 
to digital stream length permitted ready identification of any data entry errors.  The time and 
effort necessary to reconcile the differences could be avoided with any new projects by starting 
with digital maps when performing the fieldwork. 
 
Digital orthophoto base maps add a wealth of information to the map because landmarks 
such as buildings and roads can be identified.  Another advantage of digital base maps is that as 
long as channels or flows have not been modified, floodplain maps can be readily updated by 
substitution of new DOQs.  Although the orthophoto base map has a scale of 1:12,000 and the 
cross-section survey data have a higher resolution, the appropriate scale and resolution of the 
floodplain boundary developed is 1:24,000 (1 inch = 2,000 feet).  That is the scale of the 
topographic data used to position the floodplain boundaries and points used to extend cross 
sections onto the floodplain.  There is an inherent vertical error in the topographic contours of 2 
feet, and the positional accuracy is 40 feet.  
 
Additional field data would be needed to meet FEMA standards for computing regulatory 
Base Flood Elevations.  When 4-foot contour mapping (or equivalent) is unavailable, field 
surveys of cross sections must extend the full width of the floodplain.  Many cross sections 
measured for the model did not extend to elevations above the one percent annual chance 
floodplain.  Use of the USGS topographic quadrangles to extend the cross sections does not meet 
FEMA guidelines (FEMA, 1993).  Additional cross sections need to be measured.  There are 
cross sections in the model that are actually copies of measured cross sections, with elevations 
adjusted for stream slope and distance from the true measurement site.  All cross sections in 
regulatory models should be from actual field measurements.  The recommended spacing is not 
more than 500 feet between measured sections.  The spacing between the model cross sections is 
adequate for a planning model, but does not provide sufficient detail to develop precise flood 
elevations.  In particular, additional cross sections should be measured in the Village of 
Broadlands.   
 
A consistent set of observed elevations and measured discharges during a flood event is 
needed to verify the model.  Currently, there are no active discharge recording gages in the 
Embarras watershed in Champaign County.  Measurement of discharges at a few locations in the 
watershed would greatly improve the estimation of flood discharges.   
 
Given the changes in the river reach lengths, it is recommended that the TR-20 model 
calibration be revisited.  Longer channel lengths provide greater channel storage that may affect 
hydrograph generation.  It may be necessary to recalibrate the TR-20 model and substitute the 
revised discharges into the HEC-RAS model.  It may be beneficial to develop a hydrologic 
model of the stream network using one of the models supported by the Hydraulic Engineering 
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Center, such as HEC-1 or HSPF.  It is also suggested to compare computed discharges with 
results of USGS regression equations.   
 
The GIS tools made available through the release of ArcGIS 8.1, specifically the 
application ArcMap, greatly improve the accuracy and the efficiency of map preparation.  The 
ability to specify exact distances between points on the river line coverage made it possible to 
precisely locate the cross sections compared to traditional digitizing methods.   
 
The one percent annual chance flood elevation maps are significantly more accurate than 
the current flood hazard mapping represented on the FEMA FIRMs.  The hydrologic and 
hydraulic modeling and the model simulation results are far superior to the approximate methods 
used to develop the current FIRMs.  The detail of the modeling is somewhat less than typical of 
studies performed for flood insurance purposes and publication.  However, the present models 
and maps represent better information than is otherwise currently available.  It is recommended 
to submit the information to FEMA for their review and approval as best available data and 
request that the floodplains depicted be adopted as the SFHAs (Zone A areas) on FIRMs.  This 
would assist floodplain management in the study area through better data.  It would also provide 
an additional avenue for distribution and dissemination of the information about the Embarras 
River watershed in Champaign County.   
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Appendix A.  Upper Embarras Present Conditions Model  
(USDA Soil Conservation Service, 1991) 
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GIS Metadata Abstracts 
 
Title: s_bfe 
S_BFE is an Arc/Info line coverage containing information about the Base Flood Elevations 
(BFE) within the Embarras River Basin, Champaign County, Illinois.  BFE lines indicate the 
approximate surface elevations of the 1-percent annual chance flood hazard. Locations of BFE 
lines were determined by calculating the approximate distance along a stream between cross 
sections with known BFE’s.   
 
Title: s_doq_index 
S_doq_index is an Arc/Info polygon coverage containing the boundaries and locations of 
National Aerial Photography Program (NAPP) digital orthophotography quadrangles (DOQ's) 
within the Embarras River watershed in Champaign County Illinois. Polygons were digitized 
using ArcMap 8.1 and created based on quarter-quad boundaries of USGS 1:24000 quadrangles.  
This file is a reference index for the DOQ's within the study area.  
 
Title: s_firm_panel 
S_firm_panel is an Arc/Info polygon coverage containing the boundaries for individual Flood 
Insurance Rate Maps (FIRMs) developed for the Embarras River Basin in Champaign County, 
IL. Panel boundaries are based on 7.5-minute (1:24,000 scale) USGS quadrangles.  The spatial 
areas represent the boundaries for hardcopy FIRM panels. The scale for each panel is 1" = 2000' 
(1:24,000). Table attributes contain information about individual FIRM panels.  
 
Title: s_fld_haz_ar 
S_fld_haz_ar is an Arc/Info polygon coverage containing information about the flood hazard of 
the Embarras River Basin in Champaign County, Illinois. This coverage identifies areas affected 
by the 1-percent annual chance flood. The boundaries of the flood hazard areas were computed at 
cross sections and interpolated between cross sections using contour lines of USGS 1:24,000 
scale DRG's. 
 
Title: s_fld_ln 
S_fld_ln is an Arc/Info line coverage containing information about the flood hazard line features 
for the study area. This data set is the linear representation of the boundaries of the flood hazard 
areas. The boundaries of the flood hazard areas were computed at cross sections and interpolated 
between cross sections using contour lines of USGS 1:24,000 scale DRG's.  
 
Title: s_gen_struct 
S_gen_struct is an Arc/Info point coverage containing information about the location of 
structures along the Embarras River, East Branch, and Black Slough within Champaign County, 
IL. The location of the structures corresponds with the locations of road bridges, railroad bridges, 
culverts, and other structures.  
Supplemental Information:  
A series of photographs taken from the structures are available to be used with this 
coverage. The values in the field "STRUCT_ID" are the first four digits of the file name of the 
photos that correspond to that structure. If STRUCT_ID = 3026, then all photos with a file name 
beginning with the digits 3026 were taken from or of the structure. The file names of the 
photographs are in the form of "####a". Where "####" is the four digit prefix of the associated 
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structure and "a" is a single digit identifier used if more than one photo was taken from the same 
structure. The identifier of the first photograph taken from a structure is "a" and increases 
sequentially for additional photographs.  
 
Title: s_perm_bmrk 
S_perm_bmrk is an Arc/Info point coverage containing permanent benchmark points 
downloaded from the National Geodetic Survey.  The National Geodetic Survey (NGS) serves as 
the Nation's depository for geodetic data. The NGS distributes geodetic data worldwide to a 
variety of users. These geodetic data include the final results of geodetic surveys, software 
programs to format, compute, verify, and adjust original survey observations or to convert values 
from one geodetic datum to another, and publications that describe how to obtain and use 
Geodetic Data products and services.  Geodetic Data provide the base of reference for latitude, 
height, scale, orientation, and gravity measurements used throughout the United States.  
 
Title: s_plss_ar 
S_plss_ar is an Arc/Info polygon coverage containing Illinois Public Land Survey System 
boundaries. The dataset contains township, range, and section boundaries within the Embarras 
River Basin, Champaign County, IL. This data set was derived from the ISGS dataset re-state1 
(http://www.isgs.uiuc.edu/nsdihome/outmeta/re-state1f.html).  The coverage is not intended as a 
substitute for surveyed locations, such as can be determined by a registered Public Land 
Surveyor. Although useful in a GIS as a reference base layer for maps, the coverage has no legal 
basis in the definition of boundaries or property lines. These data are appropriate for use in local 
and regional thematic analysis. The data are not appropriate as a geodetic or engineering base.  
 
Title: s_plss_ln 
S_plss_ln is an Arc/Info line coverage of township and range lines in portions of 
Champaign, Vermilion, Douglas, and Edgar Counties in Illinois. These data are appropriate for 
use in local and regional thematic analysis. Data are not appropriate as a geodetic or engineering 
base  
 
Title: s_pol_ar 
S_pol_ar is an Arc/Info polygon coverage containing information about the political 
areas in the Embarras River Basin in Champaign County, IL. This coverage includes boundaries 
of municipalities and counties within the study area. County boundaries were obtained from the 
Illinois Natural Resources Geospatial Data Clearinghouse 
(http://www.isgs.uiuc.edu/nsdihome/ISGSindex.html) and municipality boundaries were 
digitized from USGS 1:24,000 scale DRG's. 
 
Title: s_pol_ln 
S_pol_ln is an Arc/Info line coverage containing information about the political boundary line 
features within the Embarras River Basin in Champaign County, IL. This coverage includes 
boundaries of municipalities and counties within the study area. County boundaries were 
obtained from the Illinois Natural Resources Geospatial Data Clearinghouse 
(http://www.isgs.uiuc.edu/nsdihome/ISGSindex.html) and municipality boundaries were 
digitized from USGS 1:24,000 scale DRG's. 
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Title: s_quad 
S_quad is an Arc/Info polygon coverage shows boundaries of 7.5' (1:24,000 nominal scale) 
quadrangles in the Embarras River Watershed in Champaign County, Illinois.  Each side of a 
quadrangle is composed of a single arc, subdivided into 5 arc segments of 1.5' each. There is a tic 
for each quadrangle corner. Boundaries and tics were generated with version 7.1.1 of the 
Arc/Info software from a file of decimal degree locations for each quadrangle corner, using the 
GENERATE command.  This data set was created to serve as base map information. Data are 
appropriate for use at a regional scale and are intended as a reference. Data are not appropriate as 
a geodetic or engineering base 
 
Title: s_riv_mrk 
S_riv_mrk is an Arc/Info point coverage containing information about river marks along the 
Embarras River, East Branch, and Black Slough. River marks were digitized using Arc Map 8.1. 
Locations of river marks were determined using locations described in field notes. River marks 
at bridges, roads, or other identifiable structures were located and digitized with 1:12,000 digital 
orthophotography quadrangles (DOQ's) as a backdrop.  
 
Title: s_stn_start 
S_stn_start is an Arc/Info point coverage representing the points that were used as the 
origin for the distance measurements along the Embarras River, East Branch, and Black Slough. 
The confluence with the Embarras River was used for the origin of the East Branch and Black 
Slough. The Origin of the Embarras River is a point 240.628 meters downstream of the 
Champaign/Douglas Countyline.  
 
Title: s_wtr_ln 
S_wtr_ln is an Arc/Info line coverage of the Embarras River, East Branch, and Black 
Slough. This coverage contains only those segments that are perennial and/or receive tile flow. 
The original coverage contains data for all streams in Champaign County, and was digitized 
from 1993 DOQ's at 1:12,000 in January, 2000 and updated in March, 2001. Some segments 
along the Embarras River were edited in October, 2001 to better match 1998 DOQ's.  
 
Title: s_xs 
S_xs is an Arc/Info line coverage containing information about specific points along the 
Embarras River, East Branch, and the Black Slough in Champaign County, IL. The cross section 
lines represent locations of channel surveys preformed for input into a hydraulic model used to 
calculate 100-year flood elevations.  These data were created from field notes, cartographic data, 
and hydraulic models. 
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